We study pulse propagation in birefringent fibers when differences in both phase velocities and group velocities between the two components are taken into account. We have found that both slow and fast linearly polarized solitons are unstable when the group velocity difference is high enough, and that a two-parameter family of coupled soliton states appears in this regime.
I. INTRODUCTION
Propagation of solitonlike pulses in birefringent nonlinear fibers has attracted much attention in recent years [1 -14] . The equations that describe pulse propagation in these fibers have been derived by Menyuk [1] . These equations are quite complicated and can be solved only in an approximate way for certain specific cases. Two main cases have been studied in depth:
high and low birefringent fibers, for which two separate approximations have been developed.
The case of high birefringence has been studied in detail in [1 -5] . In this regime, one considers that the two linearly polarized components of the field have different phase velocities and different group velocities. Due to the nonlinearity, the pulses in these two components can capture each other, but their central frequencies become different [5] to make their group velocities equal. As a result of averaging, the fast oscillatory terms which relate the phases of the two components can be ignored and usually only trapping effects are considered in this approach [4, 5] .
On the other hand, the approximation of low birefringence takes into account the difference in phase velocities between the two linearly polarized components, but neglects their difference in group velocities, as this is assumed to be a higher-order effect. The two components of the soliton travel with the same group velocity and phase locking of these two components can occur. This approach has been considered numerically by Blow, Doran, and Wood [7] . In particular, polarization instabilities were first found in [7] and studied in more detail by Wright, Stegeman, and Wabnitz [9] . The full polarization dynamics of solitons in polarization-preserving fibers, in the approximation of low birefringement, has been considered in [14) . It is interesting to know what happens if both effects, viz. , pulse trapping and phase locking, act together. In this paper we make a first step in trying to solve this problem. In particular, we are extending the results of [14] , but now are taking into account the difference between the group velocities of the components.
Specifically, we study numerically the stationary soliton states in a birefringent fiber, considering simultaneously the differences in phase and in group velocities between the components. In doing this we are not averaging over the fast oscillatory terms, which was done in [1] . More In this work we study numerically, and using the Poincare sphere formalism, the stationary solitonlike solutions when polarization group velocity dispersion is taken into account. We find that when the difference between the group velocities is small, stationary solutions are similar to those in the approximation of low birefringence, i.e. , they consist of slow and fast solitons. When the difference in group velocities becomes high, the slow soliton splits into two other solutions. We find that in many aspects, these solutions possess the same features as the gap solitons considered by Aceves and Wabnitz [15] and Christodoulides and Joseph [16] . In particular, the velocity of the soliton depends on the relative amplitudes of the two components.
The remainder of this paper is organized as follows. In Sec. II we formulate the problem, recalling some wellknown solutions, viz. , the so-called "slow" and "fast" [2] iU~+i5U, +PU+ -, ' U" 
III. LINEAR STABILITY ANALYSIS
The solutions (8) and (9) can be conveniently represented on the energy-dispersion diagram [see Fig. 1 U=u(g, r, q)e'~~, V=v(g, r, q)e'~~,
iv& i5v-, (q-+p)v+ -, 'v"
where q is the soliton parameter, the soliton period depends inversely on q, and the energy of a soliton is proportional to v q.
Equations (7) of the NLSE soliton (10), Q versus q, is also shown in Fig.  1 (a) (by the dashed line). It is well known [7, 9, 14] 
We have studied the stability of the slow and fast solitons, by using a standard technique (see [18] ), based on Eqs. (12) and (13) [14] .
The new feature is that both of these ranges are shifted to higher values of q. In particular, the beginning of the curve for the growth rate related to the symmetry breaking instability has moved to the right in Fig. 1 [19, 20] . In the case of solitonlike pulses, the Stokes parameters can be defined for the point of maximal amplitude of the soliton or, alternatively, as integrated Stokes parameters for the soliton as a whole. Due to results obtained in [2] 6 (a) and 6(b).
These trajectories almost follow the trajectories of Fig. 5 , but they gradually slide from one trajectory to another due to radiation. The amount of radiation depends on the proximity of the initial q to the point of bifurcation.
The slow soliton is represented on the sphere by the point S= ( -So, 0, 0), so that all trajectories gradually converge to this point while losing energy by emitting radiation.
We have represented the solutions of the present problem as trajectories on the Poincare sphere. We have used the definition of Stokes parameters at the point of maximum and also integrated Stokes parameters as in [14] .
In both cases the results were qualitatively equivalent. In Fig. 1(a Fig. 7(d) Fig. 10(d 
